Digital Blood Flow Rates in Psoriasis under Normal Conditions and in Response to Local Mild Ischemia11From the Division of Dermatology, Stanford University School of Medicine, Stanford, California.  by Moreci, Anthony P. et al.
DIGITAL BLOOD FLOW RATES IN PSORIASIS UNDER NORMAL CONDI-
TIONS AND IN RESPONSE TO LOCAL MILD ISCHEMIA*
ANTHONY P. MORECI, Pu.D., EUGENE M. FARBER, M.D. AND RODERICK D. SAGE, M.D.
It has been reported that a dysfunction of the
blood vessels exists at some distance from visible
lesions in patients with psoriasis (1). In the study
cited, a vascular dysfunction was said to be pres-
ent in the digit. This conclusion was derived
from analyses of the contour of digital pulse
wave tracings obtained with a photoelectric ple-
thysmograph described by Hertzman (2). The
digital plethysmograms of patients with psoriasis
are said to have an anacrotic limb whose slope
rises more slowly than normal, with a resultant
increased crest time, and a poorly defined or
absent dicrotic notch in the catacrotic limb. If a
dysfunction of the peripheral circulation exists, it
might be manifest as altered minute-volume
blood flow. Accordingly, the present study was
designed to compare quantitatively the blood
flow rates and pulse wave contours in the digits
of patients with psoriasis and groups of healthy
individuals under resting conditions and after
induced, local mild ischemia. The latter procedure
was included as a part of the experiments, since
it is generally recognized that the resting digital
blood flow rates may vary considerably (3) and
that the augmented minute-volume flow which
follows local mild ischemia is a more reliable in-
dex of the status of the blood vessels (4).
EXPERJMENTAL PROCEDURE5 AND METHOD5
A venous occlusion pneumo-plethysmograph
was used to determine the digital blood flow rates.
The equipment used is described in a previous
publication by Farber, Moreci and Sage (5). The
studies were conducted in a controlled tem-
perature room at 30 0.5 degrees centigrade.
Care was taken to minimize reflex changes in the
digital blood flow due to extraneous stimuli by
isolating the subjects from the investigators once
the equipment necessary to carry out the experi-
ments was adjusted. Electrical recording, hy-
draulic and air pressure control systems used in
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obtaining the blood flow measurements were
operated from an adjoining laboratory. An inter-
communication system and oneway viewing glass
allowed contact with the subjects whenever it
was desired.
Individuals to be studied were instructed to
abstain from food, coffee, tea and tobacco after
the evening meal preceding the day of the test.
All experiments were carried out between the
hours of 9 and 11 AM. Each subject was lightly
clothed in a hospital gown, given a routine phys-
ical examination and then allowed to rest in a
supine position on a bed in the controlled tem-
perature room. During the rest period a direct
contact rubber cuff was secured around the first
phalanx of the left index finger, and a plethys-
mograph was sealed to the distal interphalangeal
joint of the same finger with a soft plastic ma-
terial commonly used in the making of dental
impressions (Figure 1). The finger used for blood
flow rate determinations showed no visible
lesions. After placing the test digit in a comfort-
able position at heart level, the lights in the
controlled temperature room were dimmed, and
the subject was allowed to rest an additional ten
minutes before the first blood flow measurement
was made. Instantaneous inflation or deflation
of the digital cuff was effected by remotely
operated solenoid valves which controlled the
delivery of compressed air from large storage
tanks. Collecting pressures of ten to 20 milli-
meters of mercury below the diastolic brachial
pressure were generally used to effect adequate
occlusion of the digital veins during the blood
flow rate measurements.
The control phase of the experiments consisted
of the recording of a series of six to ten resting
blood flow measurements made at two-minute
intervals. A sample tracing of a resting blood
flow determination appears in Figure 2. The
blood flow rate was calculated from the indicated
slope which connects the points denoting the
onset of systole and the end of diastole in the
first pulse cycle following venous occlusion.
Sudden venous occlusion was effected during
the last 0.1 to 0.3 seconds of the diastolic phase
of the preceding pulse cycle. This procedure
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Fin. 1. The plethysmograph is sealed to the distal interphalangeal joint of the index finger with a
soft plastic material.
FIG. 2. Determination of the resting digital blood flow rate from a typical plethysmogram
A. Digital pulse waves prior to determination of the blood flow rate.
B. Slope indicating the rate of blood flow. The line is drawn between points denoting the onset of
systole and the end of diastole in the first pulse cycle following occlusion of the digital veins.
C. Instantaneous inflation of the digital cuff produces venous occlusion and accumulation of blood
in the vessels of the finger tip.
D. Release of cuff pressure.
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Fm. 3. Plethysmogram showing typical determination of the blood flow rate at the onset of reactive
hyperemia.A. Arrest of the digital circulation for three minutes. The cuff pressure is equal to 280 mm. Hg.
B. Restoration of blood flow to the finger tip and determination of the flow rate is accomplished by
suddenly lowering the cuff pressure from an equivalent of 280 mm. Hg. to 50 mm. Hg. The arterial flow
is restored, but the veins remain occluded for a short time.
C. First complete pulse cycle following restoration of blood flow to the finger tip.
minimized filling of the vascular reservoir prior
to the determination of a blood flow rate. Two
minutes were allowed between successive deter-
minations in order to minimize errors in blood
flow measurements which might result from
passive congestion or reflex changes in vasomotor
tone due to previous application of pressure to
the digit by the occluding rubber cuff. The
effect of local mild ischemia on the minute-
volume flow was determined two minutes after
the resting blood flow series had been completed.
Pressure in the occluding cuff was suddenly
raised to 280 mm. Hg. and held at this level for
three minutes. The rate of blood flow into the
fingertip was determined at the end of this time
by sudden lowering of the cuff pressure to a level
sufficient to maintain venous occlusion and at
the same time permit arterial inflow. Results of
these procedures are depicted in Figure 3.
Following determination of the effects of three
minutes of isehemia on the blood flow rate, the
subject rested for ten minutes. The effect of five
minutes of circulatory arrest was then determined
in the manner described in order to determine
H an increase in the degree of isehemia would
materially augment the minute-volume flow.
TABLE I
Number of Subjects Studied According
to Age and Sex
Age Range
Males
Control Psoriasis
Females
control Psoriasis
20—30
31—40
41—50
51—60
61—70
Totals
7 1
5 1
5 4
1 2
2 1
20 9
15
5
5
3
1
29
3
3
4
2
2
14
Procedures for calibrating the plethysmograph
and recording system have been reported previ-
ously (5).
CLINICAL MATERIAL
Digital blood flow rates were determined in
72 adult subjects of both sexes as shown in
Table I. The age range of the group as a whole
was from 20 to 70 years. The male group con-
sisted of 20 healthy controls and nine patients
with psoriasis. A total of 43 subjects comprised
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the female group, 29 healthy controls and 14
patients with psoriasis.
CLINICAL FINDINGS
A complete physical examination immediately
preceding the test showed that the patients were
in good health except for the presence of plaques
of psoriasis distributed over various surfaces of
the body. None of the subjects studied had
cardiac disease or hypertension. Oral tempera-
tures were found to be within normal range in
all of the members of each group with the ex-
ception of three male psoriasis patients. The
fasting oral temperatures of these individuals
were found to be somewhat higher than the
controls but were not considered to be febrile. It
is not possible to explain the comparatively
elevated temperatures of the three psoriasis
patients; however, the possibility exists that they
may not have been in a basal state.
RESULTS
Digital Blood Flow Rates in Controls and
Patients With Psoriasis
The resting digital blood flow rates remained
relatively constant from one determination to
the next in some individuals. Patients with
60.
TABLE II
Digital Blood Flow Rates in Male Controls and
in Patien,ts with Psoriasis
Blood Flow Rates Expressed in Cu.
mm./5 cc. finger/sec.
Control Psoriasis
Subjects Patients
Resting Blood Flow
Range
Median
Confidence interval for
the median
Confidence coefficient
Number of subjects
6.4—74.7
30.3
24.5—45.1
96%
20
7.1—60.5
27.3
21 .1—37.5
98%
9
Reactive Hyperemia Following 3 Minutes of
Circulatory Arrest
Range
Median
Confidence interval for
the median
Confidence coefficient
Number of subjects
19.0—113.2
55.4
32.4—67.5
98%
13
14.7—54.5
35.0
14.7—54.5
87.5%
4
Reactive Hyperemia Following 5 Minutes of
Circulatory Arrest
Range
Median
Confidence interval for
the median
Confidence coefficient
Number of subjects
30.8—64.8
48.6
41.4—64.0
98%
9
31.2—52.1
51.0
31 .2—52.1
94%
5
psoriasis as well as controls were represented in
this small group. The minute-volume flow in
most individuals, however, showed large, irregular
changes on successive determinations. An ex-
ample of the fluctuations observed at two-minute
intervals in a healthy male control and a psoriasis
patient of the same age and sex is presented in
Figure 4. The graph shows that flow rates ranged
from 11 cu. mm./5 cc. of finger/sec. to 57 cu.
mm./5 cc. of finger/sec. in the former and from
12 cu. mm./5 cc. of finger/sec. to 42 cu. mm./5
cc. of finger/sec. in the latter.
A summary of the blood flow rates obtained
in a group of male controls and a comparable
group of patients with psoriasis is presented in
Table II. The data in this table further indicate
that the resting minute-volume flow varied
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FIG. 4. Comparison of the fluctuations in digital
minute-volume flow in a male patient with
psoriasis and a control of the same age and sex.
Flow rates obtained in the psoriasis patient are
denoted by the open circles. The dots represent
the flow rates in the control.
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widely in both groups. It also shows that the
range of values was similar. In a series of 143
determinations in 20 controls, the flow rates
varied between 6.4 cu. mm./5 cc. of finger/see.
and 74.7 cu. mm./5 cc. of finger/see. inclusively.
Corresponding values of 7.1 eu. mm./See. of
finger/see. and 60.5 cu. mm/S cc. of finger/see.
were found in a series of 60 determinations in
nine patients with psoriasis. The similarity
between the two groups of subjects is also indi-
cated by the median blood flow rates. Values of
30.3 and 27.3 cu. mm./5 cc. of finger/see. were
calculated for male controls and patients with
psorasis respectively.
An immediate increase in digital minute-
volume flow over the resting level was seen in
every subject of the male and female groups
after three and five minutes of circulatory arrest
respectively. Flow rates obtained following the
production of local mild isehemia varied con-
siderably among individuals. This was true of
subjects in the normal group as well as the
patients in the diseased group. The range and
median values of blood flow rates in males are
shown in Table II. It is also noted that the
number of individuals studied in the control
phase of the experiment does not coincide with
the number of persons listed under either of the
reactive hyperemia phases. The number of sub-
jects with usable records in the latter phases was
diminished due to technical difficulties which
arose during measurement of the blood flow rate.
The data presented in Table II reveal no sig-
nificant differences in resting digital blood flow
values between healthy male individuals and a
comparable group of patients with psoriasis. The
minute-volume blood flow calculated for each
group of subjects after three and five minutes of
circulatory arrest respectively likewise did not
show any differences of statistical significance.
Results of the blood flow studies in 43 women
including 29 controls and 14 patients with pso-
riasis are presented in Table III. Flow rates
obtained in these subjects at rest and after in-
duced mild isehemia of the finger tip are indi-
cated. Inspection of the data shows that the
range of values for each group varied between
fairly wide extremes in all phases of the experi-
ment. However, the median values for controls
and patients with psoriasis respectively did not
vary markedly from each other in any given
phase. Statistical analysis of the available data
did not reveal any significant differences in dig-
TABLE III
Digital Blood Flow Rates in Female Controls and
in Patients with Psoriasis
Blood Flow Rates Expressed in Cu.
mm./5 cc. finger/sec.
Control Psoriasis
Subjerts Patients
Resting Blood Flow
Range
Median
Confidence interval for
the median
Confidence coefficient
Number of subjects
1.5—64.4
18.0
12.4—27.8
97.6%
29
1.1—59.0
10.2
7.7—30.5
94.5%
14
Reactive Hyperemia Following 3 Minutes of
Circulatory Arrest
Range
Median
Confidence interval for
the median
Confidence coefficient
Number of subjects
9.8—81.7
36.3
22.1—51.3
97%
18
6.8—51.8
39.3
10.2—48.4
93.5%
11
Reactive Hyperemia Following 5 Minutes of
Circulatory Arrest
Range 12.3—80.6 13.3—70.0
Median 40.7 42.6
Confidence interval for 31.2—55.9 15.7—58.2
the median
Confidence coefficient 96% 96%
Number of subjects 20
ital blood flow rates between the two groups of
females either under resting conditions or after
induced local mild isehemia of three-and five-
minutes' duration respectively. Significance tests
were based on the Wallis-Krushal H Test.
Comparison of the Digital Blood Flow Rates
in Males and Females
The resting digital minute-volume blood flow
in male controls was found to be significantly
higher than that in female controls under similar
experimental conditions. The difference was
found to be significant as the 1.0% level by the
Wileoxon Two Sample Test. On the other hand,
no statistically significant difference in resting
digital blood flow could be demonstrated between
male and female patients with psoriasis.
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Analysis of the Dicrotic Notch in the Digital
Pulse Wave Tracings of Patients with
Psoriasis and Controls
An analysis of 950 digital pulse wave tracings
from 95 subjects was made to determine the
status of the dicrotic notch (6). The individuals
studied included 29 male controls, 15 male
patients with psoriasis, 33 female controls and 18
women with psoriasis. The analysis was made
by grading the prominence of the dicrotic notch
with regard to the dimensions of the pulse wave
in which it occurred in each case in arbitrary
units from one to ten. Pulse waves without a
dicrotic notch were assigned to category one,
while those with the most marked dicrotic notch
were placed in category ten. Pulse waves having
dicrotic notches of intermediate prominence were
assigned to categories between these extremes.
Results of this investigation have shown that
absence or depression of the dicrotic notch in the
digital pulse wave tracings of patients with
psoriasis is random.
DISCUSSION
The data in Tables II and III show that the
blood flow rate in the finger tips of healthy
individuals of both sexes and comparable groups
of patients with psoriasis may vary over a wide
range. The high degree of variability in normal
subjects has been reported previously by Burton(3), Patel and Burton (7) and others. These
authors have ascribed the periodic fluctuations in
minute-volume flow through the finger tip to
vasomotor changes involving primarily arterio-
venous anastomoses. Blood flow through these
vessels which have been demonstrated histolog-
ically in human finger tips by Mescon, Hurley
and Moretti (8) is thought to be related more
closely to the regulation of body temperature than
to the metabolic needs of the digital tissue. The
large, periodic changes of blood flow rate in both
normal and diseased groups indicate that they
behave similarly with respect to this physiolog-
ical function, i.e., vasomotor activity which sub-
serves the control of body temperature.
Inspection of the data in Tables II and III
also shows that the median value and range of
blood flow rates correspond closely in controls
and patients. The marked sex difference in
minute-volume flow has been reported previ-
ously (5). The available evidence indicates that
there is no marked dysfunction of the blood
vessels in sites distant from visible lesions in
psoriasis which would appreciably affect the
total minute-volume flow of blood. However, this
cannot be construed to mean that there is no
alteration of blood flow rate through the true
capillaries in these sites. The plethysmographic
method does not permit a distinction to be made
between the minute-volume flow of blood through
capillaries on which tissue nutrition depends and
the minute-volume flow through the arterio-
venous shunts which are more closely related to
body temperature regulation.
Further evidence which indicates that patients
with psoriasis do not vary markedly from com-
parable groups of controls with respect to the
function of the circulation in digits free of lesions
is provided by results of the study of the pulse
wave tracings. No appreciable difference in
prominence or occurrence of the dicrotic notch in
these tracings could be demonstrated between the
two groups.
SUMMARY
The digital minute-volume blood flow was
studied in groups of healthy men and women
and in comparable groups of patients with pso-
riasis by means of a pneumo-plethysmograph.
The experiments were conducted on fasting in-
dividuals in a controlled temperature room. Flow
rates were determined in each subject at rest and
after induced, local mild ischemia. The latter
was produced by arresting the circulation to the
finger tip for periods of three and five minutes
respectively. A comparison of the digital pulse
wave contours in patients with psoriasis and
controls was also made.
The results of this investigation have re-
vealed no statistically significant differences in
digital blood flow rate between healthy indi-
viduals and patients with psoriasis under the
conditions selected.
In an analysis of the digital pulse wave trac-
ings of controls and patients with psoriasis, it was
found that presence or depression of the dicrotic
notch in the catacrotic limb was not consistent in
either group.
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